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Numerical Computation for Aeroelastic Stability
of Long-Span Bridges

Ishikawajima-Harima

MATSUDA Kazutoshi, UEJIMA Hidesaku
TOKUSHIGE Masafumi, IWASAKI Tohru

There are two methods to investigate the aeroelastic stability
of long-span bridges : wind tunnel testing which directly meas-
ures aeroelastic stability, and numerical computation, an indi-
rect method to predict aeroelastic stability using aerostatic force
coefficients and unsteady aerodynamic force coefficients. IHI
has already established those two methods using its two wind
tunnels for research on the aeroelastic stability of large steel
structures such as long-span bridges, high-rise buildings, and
stacks. THI also has many programs for numerical computation.
Four numerical computation methods developed by IHI are
described. Comparisons between analytical and experimental
values proved that computation results agreed fairly well with
experimental values.
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Environmental Assessment Technique for Nuclear Power Plants
Using Wind Tunnel Experiments
— Evaluation of Effective Stack Height for Release Speed Ratio —

MIZUMOTO Nobuko
NAGAI Kiyoyuki

Wind tunnel experiments are used to study the air pollution
from nuclear power plant stacks. Many experiments have been
conducted on a terrain model using a scale of one to a few thou-
sands set in the wind tunnel. Effective stack height is defined to
explain the terrain effect compared with a flat plate. In experi-
ments, the tracer gas is released at an arbitrary velocity in the
down wind direction from a modified /-shaped stack. For more
accurate environmental assessment, release speed ratios of trac-
er gas to wind speed near the stack is changed from 1 to 4 times.
The study found that release speed ratio is not significant for the
evaluation of effective stack height.
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Development of Creep Damage Assessment System
for Aged Thermal Power Plant

YAMAMOTO Tadayuki, MISONO Shohei
NONAKA Isamu, UMAKI Hideo

IHI has developed the Creep Damage Assessment System to
identify voids by processing an image observed by a small laser
microscope with an advanced image processing technique. The
result can be obtained immediately on the spot. Application
tests of the system at the Unit No.3 boiler of the Kudamatsu
Power Station showed good operability, adaptability to the envi-
ronment, and accuracy. The new system can easily indicate
damage conditions in parts during the periodical inspection,
allowing rapid maintenance. Time reduction required for assess-
ment and increased reliability of equipment can be also
achieved.

Ishikawajima-Harima Engineering Review November 1997

Vol.37 No.6 pp.424-430

Ishikawajima-Harima

UDC 504.054:621.515:629.33 Bl BiEEET
BEEZRHEHI —N~F v =T+ D
SATHATINT XA (LCAFHE)

RFEm, B IEX

INRIELE CEHE SRR S T B L E 2 S b HEEEEA
A7) a—=RIA—=)N—F =T 5 HETTNELT, A—/—F¥
— Ty BRI HEE L ER L VBRI OWT, A8
Fy—Y vk s, BEEOEH, FHBOLATEITDIA 7
A 7B BBEETE O LEEHMEE LCA FhE AT
o7z, BEEO LCA FHEOME, A—/—Fy—I v &fEH L7
BB L 2 VEBE L ) BRIV L 2L DI
L7

UDC 504.054:621.515:629.33
Life Cycle Assessment of Supercharger for Automobiles

Ishikawajima-Harima

SONOYA Keiji
HARA Masafumi

The life cycle assessment (LCA) technique is used to calcu-
late and evaluate product load on the environment and has now
been applied to the supercharger. The screw type supercharger
mounted on automobiles was selected as the model for LCA.
Comparative assessment was carried out on automobiles with
and without a supercharger to evaluate the impact on the envi-
ronmental load characteristics, covering the life cycle from the
production of superchargers, use on automobiles to the disposal
after use. The assessment clarified that automobiles with the
supercharger cause less environmental load compared with
these without a supercharger.
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Numerical Investigation of a Flutter in a Transonic Fan

Ishikawajima-Harima

ISOMURA Kousuke

The mechanism of the bending mode flutter of a modern tran-
sonic fan has been studied using a quasi-3D unsteady viscous
code. The type of flutter investigated is that of a highly loaded
blade with a tip relative Mach number just above unity. The
code uses upwinding scheme with Roe's 3rd-order flux differ-
encing, and Johnson, King, and Coakley's turbulence model.
The calculations revealed that the source of the flutter is an
oscillation of the passage shock, rather than a stall. Just before
the passage shock unstarts, the stability of the passage shock
decreases. The shock foot of the oscillating passage shock on
the blade pressure surface exerts the dominant blade exciting
force.
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IHI has developed a contactless energy transfer system to
operate cargo vehicles by applying the electromagnetic effect.
The new system includes various advantages such as less main-
tenance and suitability for use in clean rooms and hazardous
areas. The system is mainly applicable to vehicles in physical
distribution systems. Magnetic circuits have been optimized by
numerical analysis, and continuous energy transfer even at fluc-
tuating load was established by a PLL (phase locked loop) circuit.
Characteristic tests showed stable energy transfer to a moving
cargo vehicle (provided with a 1.5 kW motor) at a maximum
transfer efficiency of 72%. The new system does not generate
dust and particles and is suitable for clean room use to maintain
the clean environment.
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Development of Detection Device for Conveyor Roller Damage

Ishikawajima-Harima

THARA Yoshihisa, NOGUCHI Naoya
MURAYAMA Shigeki, HOSHII Tsutomu

Conveyor roller damage has previously been detected by the
human hearing in the noisy and dusty environments at large
coal-fired power plants. A roller damage detecting device has
been developed to replace human inspection, which can measure
roller sound using a microphone with sharp unidirectional char-
acteristics. At each measurement point along the conveyor, the
intensity of abnormal sound and frequency spectrum pattern
characteristics are calculated and combined to detect damaged
rollers. The device was tested using a conveyor line in which
damaged rollers were installed. The results showed accurate
detection of damaged rollers.

BISBERR B3R H6F ER9E 11 A Ishikawajima-Harima Engineering Review November 1997
A48T — 454 Vol.37 No.6 pp.448-454
uDC 628.474:662.613.11/.12 B BikEET Thie 628.474:662.613.11/.12 Ishikawajima-Harima

166.046.5:504.06
d—7 ANy FRIGERILIE S X 7 L ORISR

AR, FHEEE, RERME, =dwik—

BEEEMOREAY, EELB L ERWOESFIE L I, F
IR CERBOSH B T — 7 Ay FRBRMEE HWT, ¥
T HBERIR - TR R I & LSRR N L. F O
F, AR LA 7 73 HERERELHRE L, AR AR
FEMTHDLI R LI, $7, BRIBETH ST — 7 ZADE
HEEHHETA7-010, I— 7 AOREBEE LT, #FTae
SEE LB, BT T AFy 7 h S ilE LBk
V758 % i LB L L CoOmSER g L7z

:66.046.5:504.06
Development of Coke-Bed Type Ash Melting System

BABA Fumio, HIRATA Katsuhiko
FUKADA Yoshinobu, MIWA Keiichi

IHI has conducted verification tests on the treatment of fly
ash and ash derived from urban waste using a coke-bed type ash
melting furnace which is widely used for sewage sludge melt-
ing. Tests were aimed at volumetric reduction, reduction of pol-
lutants, and effective recycling of materials. As a result, slag
obtained from the ash melting process satisfied the requirements
of the soil environment standards and was confirmed to be
effective for recycling. To reduce the use of coke as a heat
source, two types of solid fuels produced from general refuse
and plastic waste were used for tests and verified to be effective
as substitutes for coke fuel.
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Development of Simulator for Vertical Roller Pulverizers

Ishikawajima-Harima

NAKAMURA Motoya, KIGA Takashi
WATANABE Shinji, SHIROUMARU Isao

A simulator based on the vertical roller pulverizer has been
developed to predict the fineness and dynamic response of the
outflow of pulverized coal. The new development is intended to
improve the control system for pulverized coal-fired boilers.
Coal movement and pulverization and particle classification
have been modeled numerically. Prediction by the simulator
agreed well with static and dynamic measurements. The simula-
tor was found to be applicable to any type of coal with different
characteristics of HGI and moisture content as well as pulveriz-
ers with a different capacity. By coupling with a prediction
model for HGI and moisture content, the simulator could also
assess an on-line monitoring on pulverization status.
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Study of Pump-Barrel Structures in Large Above-Ground
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PCLNG Storage Tanks
— Comparison of Vibration Characteristics between
Flexible and Stiff Pump Barrels —
TANAKA Motoaki, TAZUKE Hideyuki
ISHIDA Kazuo, TAKANASHI Naoyuki

Vibration characteristics of flexible and stiff pump-barrel
structures in above-ground storage tanks were compared. Finite
element method (FEM) analysis for the model with large
degrees of freedom was conducted to determine the natural fre-
quencies of the pump-barrel structures considering the coupling
oscillation of the pump barrel and the tank. As a result, it was
unnecessary to consider the oscillation modes of the pump barrel
and the tank when the fundamental natural frequency of flexible
pump barrel was sufficiently lower than that of the tank.
Consequently, the modeling of only the flexible pump-barrel
structure by FEM analysis 1s effective in that case and allows
easier seismic designs of the pump barrel.
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IS Panel Under Deck Panel Method
— Underside Reinforcement Method for Reinforced
Concrete Slab of Steel Bridge —

ISHII Takao
SUGIZAKI Mamoru
IIDA Masao

The repair and maintenance of bridge or viaduct steel decks
requires that the traffic on the bridge must be controlled or
stopped, even if the repair is partial, using conventional methods.
IHI has developed the IS Panel Method, by which damaged steel
bridge deck made of steel-reinforced concrete can be repaired
by attaching steel panels to the underside of the deck. The IS
panels are bound to the underside of the deck with a filler
between the concrete and the panels. The IS Panel Method has
been applied to ten projects and was proved to be easy to use
and provides a good reinforcing effect.
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New Wet and Dry Cooling Tower for Plume Abatement

TOYOYAMA Masamichi
MIURA Toshio
GOTO Osamu

The new wet and dry cooling tower (NWD) has enabled
plume abatement without requiring finned tube dry section,
based on a combined wet and dry type fill which consists of all
wet and wet/dry passages. The NWD is almost the same size as
the wet type cooling tower, achieves highly efficient plume
abatement but at lower cost compared with the wet and dry
cooling tower with the finned tube dry section. The heat trans-
fer characteristics of the combined wet and dry type fill were
investigated by experiments to establish the design criteria for
the NWD, and the results of the experiments were confirmed by
the prototype NWD. This paper describes the features of the
NWD and the outline of the experiments and prototype.
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MEHEE 5k

Frk 9 £11 B
= X
® W AN L — AFBEBEEAETE &R A N H BB (REE424 X — U BR)

BT b L UL

Bom
BT R ELEOTRATIY T T — T e #é % % T)_Ek (411)
AT it
I B0 BT RHA ORI A A& T )
B B R S — KO 2
KIEBERT O 7 1) — FHIGBW S AT L OBIFE e, ggjﬂ % 7t % (424)
ook F Ot
HBEEHAA—N—F =T vyDIFA THFA 7 NTEAX ST BOox B R
R — { [ T (431)
BEET 7 BT BTT Y5 AN ZRLOFMEIIITE e B W g (435)
F M 2
FEENIR AN D IEFEMFL TEFLINT  cveremerrer e Bl B 3 (443)
A HF bk %
SNK T TR BRTIEE D BAGE  oorremreeesssseers s if [
a2 AT O— T REDWEEOME Hoomo % (448)
2 i
Gomom o
D= ANy FRIEERBLIE S 25 A DBISE i ;%j Eé é’fé % (455)
= wmo -
A A
BT 5 303 32 L 7 DRITE coommmmsssnemsersssssssssssmisssssssssssssssssns E ;B [;‘g-'i\] G (459)
M HB vl



':F'
i FFCPCING % > 7 5K > 78 L VERE O RE b e E MR

—— Tef B X OIRESE O IREN AL O Ho— 11

Erpcitel
F

1S /530 ik 46 ko5
____‘ﬂﬁ]Tﬁfjiﬁj‘jj :/ 7 ]) _ ]\’_ﬁ){-}i‘lfm%ﬁigﬁ‘]—:iii_ ......................................... ﬁ}i [I?‘ gﬁz %

{1 b
E
=

S B F T KL ooreeemmeresssmenessscmeenesssessesssssees st

N
&

‘a5
=
s

B

SERREN

CEBMHBASHAFT T 1@W&W$%ﬂ%%%
V3

B T © U BHS 25 1

(466 )

(470)

(474)

(481)



Ishikawajima-Harima

ENGINEERING REVIEW

VOL. 37 No. 6 NOVEMBER 1997

Contents

Cover Small Laser Microscope and Example of Void Recognition

Technical Papers
Numerical Computation for Aeroelastic

Stability of Long-Span Bridges

Environmental Assessment Technique for Nuclear
Power Plants Using Wind Tunnel Experiments

——— Evaluation of Effective Stack Height for Release Speed Ratio —

Development of Creep Damage Assessment
System for Aged Thermal Power Plant

Life Cycle Assessment of Supercharger
for Automobiles

Numerical Investigation of a Flutter
in a Transonic Fan

Contactless Energy Transfer System for Cargo Vehicles <o

Development of Detection Device for Conveyor Roller Damage <+«

Development of Coke-Bed Type Ash Melting SySterm - --seesesseessssecnmsserinsssnesianee

Development of Simulator for Vertical
Roller Pulverizers

MATSUDA Kazutoshi
UEJIMA Hidesaku
TOKUSHIGE Masafumi
IWASAKI Tohru

MIZUMOTO Nobuko
NAGAI Kiyoyuki

YAMAMOTO Tadayuki
MISONO Shohei
NONAKA Isamu
UMAKI Hideo

SONOYA Keiji
HARA Masafumi

ISOMURA Kousuke

IDO Shinobu
NAKAYAMA Takayuki
ISHII Masayoshi

IHARA Yoshihisa
NOGUCHI Naoya
MURAYAMA Shigeki
HOSHII Tsutomu

BABA Fumio
HIRATA Katsuhiko
FUKADA Yoshinobu
MIWA Keiichi

NAKAMURA Motoya
KIGA Takashi
WATANABE Shinji
SHIROUMARU Isao

(411)

(418)

(424)

(431)

(435)

(443)

(448)

(455)

(459)



Study of Pump-Barrel Structures in Large TANAKA Motoaki

Above-Ground PCLNG Storage Tanks TAZUKE Hideyuki (466
—— Comparison of Vibration Characteristics ISHIDA Kazuo
between Flexible and Stiff Pump Barrels TAKANASHI Naoyuki
IS Panel Under Deck Panel Method ISHII Takao
—— Underside Reinforcement Method for Reinforced «.vvvoveveeimreniniiiniinni, [ SUGIZAKI Mamoru  (470)
Concrete Slab of Steel Bridge IIDA Masao
TOYOYAMA Masamichi
New Wet and Dry Cooling Tower for Plume Abatement - e ieeeeeineieinsesnens MIURA Toshio (474)
GOTO Osamu
Technical Features of IHI Products
Automatic Transportation and Storage System
of Jumbo Roll for Mitsubishi Paper Mills Limited
_______________________ { Development Department, Material Handling Equipment Division (481)
Control System Engineering Department, Material Handling Equipment Division
INEW PrOAUCES rocrermermeeror et ettt et e e s e e e s r s r e n et e e bbbt b s b e st a et e s (483 )
ATIIIUAL TIREX -+ eeesevemrrermeruermeuesatertenessesttesertestasesestamt et et euese ket ese st eatsees e s ensetsateue e eneetete e emeseseeseenenmearaees ( Appendix )

Published Bimonthly by
Ishikawajima-Harima Heavy Industries Co., Ltd.
2-16, Toyosu 3-chome, Koto-ku, Tokyo 135, Japan



ubC 624.21.042.4 : 533.6.07 : 519.6

TR BV E O 7 71— 7

BWOH — B SRR - e RE
L B F A AR R R AR
i Fm M W SRR IR IR - T g

A W T S AT I AP IR - MR SR

Numerical Computation for Aeroelastic Stability of Long-Span Bridges

MATSUDA Kazutoshi, UEJIMA Hidesaku
TOKUSHIGE Masafumi, IWASAKI Tohru

There are two methods to investigate the aeroelastic stability of long-span bridges: wind tunnel testing which
directly measures aeroelastic stability, and numerical computation, an indirect method to predict aeroelastic stability
using aerostatic force coefficients and unsteady aerodynamic force coefficients. IHI has already established those two
methods using its two wind tunnels for research on the aeroelastic stability of large steel structures such as long-span
bridges, high-rise buildings, and stacks. IHI also has many programs for numerical computation. Four numerical
computation methods developed by IHI are described. Comparisons between analytical and experimental values proved
that computation results agreed fairly well with experimental values.
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Environmental Assessment Technique for Nuclear Power Plants Using Wind Tunnel Experiments
—— Evaluation of Effective Stack Height for Release Speed Ratio —

MIZUMOTO Nobuko
NAGAI Kiyoyuki

Wind tunnel experiments are used to study the air pollution from nuclear power plant stacks. Many experiments
have been conducted on a terrain model using a scale of one to a few thousands set in the wind tunnel. Effective stack
height is defined to explain the terrain effect compared with a flat plate. In experiments, the tracer gas is released at an
arbitary velocity in the down wind direction from a modified I'~shaped stack. For more accurate environmental
assessment, release speed ratios of tracer gas to wind speed near the stack is changed from 1 to 4 times. The study found
that release speed ratio is not significant for the evaluation of effective stack height.
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Development of Creep Damage Assessment System for Aged Thermal Power Plant

YAMAMOTO Tadayuki, MISONO Shohei
NONAKA Isamu, UMAKI Hideo

IHI has developed the Creep Damage Assessment System to identify voids by processing an image observed by a
small laser microscope with an advanced image processing technique. The result can be obtained immediately on the
spot. Application tests of the system at the Unit No. 3 boiler of the Kudamatsu Power Station showed good operability,
adaptability to the environment, and accuracy. The new system can easily indicate damage conditions in parts during the
periodical inspection, allowing rapid maintenance. Time reduction required for assessment and increased reliability of

equipment can be also achieved.
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Fig. 11 General view of observation at header-stub welded part by

laser microscope
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Life Cycle Assessment of Supercharger for Automobiles

SONOYA Keiji
HARA Masafumi

The life cycle assessment (LCA) technique is used to calculate and evaluate product load on the environment and
has now been applied to the supercharger. The screw type supercharger mounted on automobiles was selected as the
model for LCA. Comparative assessment was carried out on automobiles with and without a supercharger to evaluate the
impact on the environmental load characteristics, covering the life cycle from the production of superchargers, use on
automobiles to the disposal after use. The assessment clarified that automobiles with the supercharger cause less
environmental load compared with these without a supercharger.
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Table 1 Characteristics of two types of cars
W B BB 2—n—Fr- Vil | 2—/—F v — Y 5
FFon EATHERE (km) 150 000 150 000
HHSE (c0) 2254 3473
PR (km /1) 10.6 8.7
T4 (km) 4.91/10 000 5.21/10 000
BR MV (kg'm/rpm) 30.0/3 500 31.8/2 800
#i (kg) 1490 1580

A2

Table 2 Different types of disposed scenarios

5 2 * (1) (2) (3)
BHILT (%) 98 80 80
Ja—2A (%) 2 10 10
10% 10%
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Numerical Investigation of a Flutter in a Transonic Fan

ISOMURA Kousuke

The mechanism of the bending mode flutter of a modern transonic fan has been studied using a quasi-3D unsteady
viscous code. The type of flutter investigated is that of a highly loaded blade with a tip relative Mach number just above
unity. The code uses upwinding scheme with Roe's 3rd-order flux differencing, and Johnson, King, and Coakley's
turbulence model. The calculations revealed that the source of the flutter is an oscillation of the passage shock, rather
than a stall. Just before the passage shock unstarts, the stability of the passage shock decreases. The shock foot of the
oscillating passage shock on the blade pressure surface exerts the dominant blade exciting force.

N R EEUE BERE, FEE, B, Yoy bIrPr, 77, EEE HEE 7705

1. &

i l|

FHEDBREEH Y = v N v YU v T, BRI IRER
TZOERD S, BIFBIFGIEO72D A gD A S
INENEEN AR b 7o VB EHED T {1 Fa—
F7 7 EHEHTLI LN E Lo T0D, 20X
%7 7 CIBEIIROMN~ v AT 2 R A A
HHGE CE IR B ZICT7 T v F EIHINAED
ZE I EHRE R LT, ML koTWwaD. &5
HDTA Fa— K77 CREAPFRITENCOIZIES]
a B THROBISOT ARAANKE ho7zl &I
FCHERRES LT v, 2070 MIICIEZO/ED 7 5
v FET R IHERT & LTURSNTWAS X9 12HT
T ENEEENE LDV, BEET 7 IIBITA
ZOFHERA N = A LFHFICE O » L3 R0 T
V., FOROHRFHIBWTIRENLRE T, BREEL
FTEREI Y VMR ERICT A LT L TV A,
IV PR BB L { o TE TV AL AT
REE RS R b DOlE, DT T I OFEAR
B AL EWSLC LT, HREDEE T R NRICE O 75
DZEJJHEITEDL L) R BUENH 5.

DT TGy YDA T A LERRD GG, EEO
IV UHLVET T YEHOAr—=IVETN (1) 7)) TR
B4 5 Lida A b B X UFHIBA OB SBLIR T
FERRY TR\, FREESIRERIC L AL E R ONLD
EE S CIIERER IS BWTESIE v FAIMO RN

RRERT S 2 L IXRETH D, BRIKEY 2 3 2 X NHRIE
B X UFHIY A7 L OREIHEL 2B, 2 TANE
TR EA O B E LW B fAI1% (CFD) 12X -
THEDHTEE LT

RIFFECH S DI REBANREHEBIZDEDOLBY T
H5b.

(1) 20775y ZIZ0GREERL TOL00E

(2) ZOT7F v FIZBITBEEREDOHENIM 5

2. BESTEFE

EBEWT T 7Ty YOREETY I 2L MTRE
MBS TS, (1)EBRIROIFEFOFE), (2)FHER LR

I: Mg BEERRT T v Y

la: ¥ AT LE— FREE
WFa—Fr7577v%
N:BEE7T v 5 (KA TUR)

/
AT UA
R VoA

L
W T

£1 TR 2 BGRIEMERE 7 7 OIFEE)RIE Y
Fig. 1 Typical axial compressor/fan characteristic map‘”

AR



FREOTW, (3){HrFaEns. ZhlT—2 27—
3V CHEANGHEE TR T 2LESRLZRB L C, &S
TR =SoTE R R Y o T — R b — 27 AR % v
7o, LA SIS T B OB ER TR IR s
4312 & % ADI (Alternating Direction Implicit) %2’ & Roe
D= JHKEFE Flux Differencing*) & FV 7z, FLRETF LS
I RICRHRIC BT AR L SR B O TWaHEI A%
Johnson-King-Coakley DE7 )L 4" )2 Fiv, BT
VAT " 309 % 212 L 72 Orr-Sommerfeld O Spatial
Amplification HifEOIRER T & a7z, S BISERSOIE
EHEE T IaLb— T 5728, Schubauer &
Klebanoff OFEEER®) %212 L GER SO THRGEAND
BB ER O & B2 - B A IR S 2 H5RE 2 fiH i L
72, BHERETIERATAE COMER O EE BT 572
WIZCIET-& Lie, M FEU3EERmITIE ) AN 223 5,
CNERHEZT B AIANC60ME L, 209 BLEREOHR
IZ30AAE, & DI Oz 5 TR EORFHIAS
LD L7z BHEIIERO C B T2 B Y v F 1A 28
L7MfE CiTo 72, — DO - 78y =V D%
(3, BEHREMAIZIZ L > TEb Y, BEOIRBAAHDFIE
—RET360EDREEE 105 L9 1THEA. HRBLUTIR
DFRIESRFH IR 25T R OB D RS2 T 5729,
—RICOIEFEER G2 U720, B3B3
THEE SN, BEETIIROEE G CH (. NEO
T ROE & IMEDMUETH 5.

BMERIHIC Lo TR E Y 32 Lb— N L L) &2
Yra, TOREHEPEREREFCIHIEHRTESLT
EDEFETHDH., #O1DI3H o UitEa— K%
RT— 8 2 S o THOBEEL TB CLEN D B, RN
FECIE, —RIG, TOKTT, FERGVERLSY, ARG, EERR
5y, FEEH R & L BRI TRRE R AT - 7219, KT
DIET, T TIERMENRREr — A THHE v I 7R
BT 5B EEBVOEROA % RT. T — % (IStandard
Configuration No. 7 Case-9 & L T A.Béles & T.H.
Fransson |2 X Wi S A SAEERME VD 03 Lo—o
Th b, Bl FOFEFENORIEHRELFHNT— 5 &1
WL T2, BEmIOEER TiRoOMHE s, B
EIOIRIE -2 D OAR—EHH 5 b DO, EHEROMEE
BOTREKIZRE AR L7, BRI iR OHOA—
FUT CHHEIBIS BT 2RO/ DFEAEL 2 b
NA, ZHEBIRO I — FTIIRERIZ BRI 11355
BTG THIZ EERT.

A2R

607 o IEHNF—% (@) & f&
we D ETEAER
PR FAH

0
o [Ed
ik
0 L
-1.2 -06 0 0.6 1.2
/33— FE
(b) fir 48
180¢
ZEH
601
¢
=
Eel o o
~601 °©
WL ° e
M50
-180 : : ‘ ;
-12 -06 0 0.6 12

x/I—-FE
GE) x: Baisso 0
I BEmE
i BiEm

g2 Standard configuration No. 7 B - DIEEEETI 5
(R BREN AR 22 = 05)
Fig. 2 Blade surface unsteady pressure distribution
(standard configuration No. 7, 0=0 deg)

—EOKREEIRIC LY, REZIECHEDO VRN TR
FEI-NEI7I9v 8y Ial—a iZBOWUEETE
DREREEHT B 2 EDRELE N,

3. IFERBERETIOZE

AFHEI— NI, Bk L7-& ) (2Bl EominoFLlix
BERBEOEEEEEOT TNV EEA L. 21T Platzer
WL T b L9 IBRBIIEE R AN IE AR S
B IE R ERI N EE B RA T REEASH 5 DT
ZDETNORIERE R RATTEE S & 2 TR TAA,

—HEE ((a) EEBRE, (b) HETL, (¢) " FEDH)
ORI FIEEFEIOAERAR T EIRIITRT. =47
DEBERETH A, FHEEREIZL 23HE 3BT L

T HNIBEBEEEERED 1007 \7A1 27 N~ K



-Cp

1007 4861
PR B
50} 5 it
A
=, OF------- ‘:H:’iﬂ _____
4 N
2 oy . e
5 i /o
o+ &
AL
5 ik A B FLw i —~486 . . . )
RESY -06 0 06 12 12 06 o 06 12
2/ I—FE x/3-FR
100+ (b) WEF IV (b) BEFIL
4867
WA
U i
50+ B
=
X
& i
! =
1R
®
0y &
- " T e
N ik LALLLI 486 ‘ ‘ K
~5045 ~06 0 0.6 12 -12 -06 0 0.6 12
/32— FE ¥/ I-FR
enE
100 - 186 - (c) EFNDOH
BT
T B
50} -
=
X
5 D
g e
H
X
ot E
~50 . . _
~12 ~06 06 12
2/ I—-FE
(F) o« FETED O FEkE
Ef
am R
A BB
g2 EaE EBRLTFNVOREEOEIMEFSAMIIRITTEE

FI3IX EBHETNVORMEENGMICRITTEY
Fig. 3 Effect of transition point model on the time-wise
blade surface pressure distribution

Fig. 4 Effect of transition point model on the blade
surface work distribution

AT

R N R S~ e L L em e o L o =P N ELEEALTT e



OB BT 525, 04— ATIE IR
EHF VIHETIIA L hoTWVD, THAEIRIORTE
W EOBERFHRENAFESATIARS & X YRS LT
Hng., S4Rofehis, BEXITfb LB ORE—EiML 7
D DZEIET L pund =1 pexsin 0 LEFE LB, 2T
p 3EEE FOEN, u, TEKRTOEEHEEREE, p,
X, WXINSOIRIE, L TORMEMAETH S, BT
FROBE L HFERO=FTEIITALL Th, EOMEIZE
RS, BOMEZERIFENE 24, BARL D EREETN
W&o THBERONVE, IRIE, BESELL, BIIKITT
ZENHRIIDTR E {ZALT B 2 LD LT,

4. 75y HEEARE

BfEY I 2 L= a3 VIR 7 7 ) 7T ORI
T=8 R B LT o7z ) 737 7 v O BB TE)
BEZ122280D MCA (Multiple Circular Arc) Bl A%
LADT A Ra—FRAFHLTWA, 77 Y OFRIET
DI~ v U3 1.4 TH D, FIHTDOV I T4 T4
13890.8, RIFRTOT AT MEB L UKRALIZENEN
2 BLU03THAH, AEMEOTEIISEZR0E RS
V. RERER T 7 2 TIEES BIR T & ) IC IR O S
JENHEHETT T v #0388k L7z 79 v ¥ 5ERORD
PREPE— N6 FIIRT L9121 ROMTE— FTH 5.
C OIRBYE— FIZBITAEFHERTOR L ) REIH G OIRE
EHNFIREN D OIRIEDO20% LT C, 75 v ¥ ~\DE50
KEVEZNY OIMAIPESOBEETIIET—ETH 5. &
NIy, ¥Ialb— 3 rERERIETERT L LOR
LEFHEREINL., BORBHEERTIRH L T
K=(nfC)/U=0.22, BEDIEENARZITTE 327, T4
HHLEFITOREE— FIFEHM2 BT 7 7 > Ol A
HE OSSO 2 5D THE, i Ial— 3
TR IRELSE v 7D 4 5% DT L UTiTo
7.

PAEY I 2 L= a YIZ79% DEREERICHE - T
Near-Flutter, In-Flutter, Deep-In-Flutter @ 3 )
7o. O3 ETOAN < v/ VIZF N 1.018, 1.012,
1.006, BEILIZENEN 1.30, 1.32, 1.34 THA.
Near-Flutter i COREFHEATIT— 7 12i3) 7 COFHA
HREP, 799 2 I Ao ZIRETODY 32— a v
DAIT—=51ET7 T v ZIZALBRWIREETERI L 8¢
DT =5 ZHHRL TRz, 5HELRMG L LT79%Rliskx
BER UL, ) ZRBICBWT CoOEEKICB VTR

AR

TEEHR
1551 79%N In-Flutter \

79%N Deep-In-Flutter—__
@

2}
79%N Near-Fluttér

I LEIE TR O 2 RER
0.55 0.6 0.65 0.7 0.75 0.8

FBSH AEEEF EFEMEH LS

Fig. 5 Operating points of simulation calculations

(a) £ @ (b) 8 m
10 0.8 1.0
06 0.8
0.4 0.6
0.4
0.2
0.2

(E) B o fE
HRTTRE %
£

EX3 WEMEEEY 7 v & LRIEEE— FOREE
Fig. 6 IHI research transonic fan blade and
its first flex mode shape

b7 7y Y RROBFRUNPEL, $BREERI-LED
7T DEENZTHY, roREE LTy
FIRFEDEAD A dp o220 TH A, DF ) Bt
HEFEBRIT & DFREOFE Y T EIR L7, 8BS
RzhnELZRIZT7 Ty ¥R —KEEE R AH, Thbb
L2V AFEI I —FE ETI 79 % IMERE & D RV ETIC S
B, ZORITEIROMRT~ v AT B2 A5 THDH T
EBIVINUTORERTIET I v FI3REL TV AW
(NEEEFIIT =128 500) i 0L, REN
HE LRI REBEIZIMI S — 2 ¥ L OEFE O
PEYZITANEE > TLEY, ERTTI— FTU 3
2= FCELEFATIE RV EHR SN, 79% AR
BIFAEHEWEIL, EROMxT~ v s 282 5 0z
BLUETT7 Ty 88 E L2 e oEZ THMN~ v N
W1 &7 B85 % AN ATE FEIR LTz,
BERTCFTEIZE DY I ab— 2 a Y OZLE LR
L7120, ZOANAEMRET, BN EEZ TEER
BEAT, BHllT— & LB L7z, BHEICIX T 7 IO

EHTEEERIEEE 1007 VA 27 Na A



VAU TEBRENDL BT TH86% A/ SAEIZBWTE
[E AN o7, BTRIITRT L) ITEEY 2
2 b= 3 T IO EmIEEH SN i
DIFES5H ESE) # 4 b &, ZIUIEMOEELDS &
5 LEERT AT, MVCIEEHEE L 0TS L) BRI
T DA L T A 72D ZEERIAKE B o T
B ZEDHEREEI N

5. AIERREEE

5.1 HEEREMIEZEDZE

N BRHER AT E 2 LR TORMEAZER L. 20
B, (1)FMEREEARHIGR & 303 2 &h 2R
%_&kmj)ﬁﬁmm%ﬁ&ﬁﬁ@ﬁéwﬁtmiﬁﬂﬁ
DRI 270 TH 5.

559 R EMBRBMAZE L 2 4RE) | RIS 72 1) O3
i Loz IHFEOELE R Y. EOBERRELFART 545

142 N — A= D () 2B

N

140
A
= 188 ¢
1
LC I

1.36

134t 85% A 7% 2 T Al

R l5s L N
1.32 . . ‘ ‘ n ‘
70 75 80 85 90 95 100

Zo%y OIS IALE (%)

EIE ESAOCEEIC L R MOE R

Fig. 7 Fan pressure ratio distribution calculation quasi-3D code

B8R 85% A/ SV, SRy RIFTOE)) A
Fig. 8 Pressure contour at 85% span high-valve condition

T R N o e — N R EEARETE S

= R
: |
£
X-05 g
=
- 15
TE‘,
BE
-2
~25 ‘ , , , ‘
-180  -120 - 60 0 60 120 180
HHERAARE (7
EoxR BEESINAZEO LI RITT R

Fig. 9 Effect of the inter-blade phase angle
on aerodynamic blade exciting work

TEOMEIIIRENZ B S &2, FHERS R SR RN
~32.7 ECRARORIRIFLRL, FRlRERE—F L.
Wi Lo REE BRI L 0EE 10 IR

T, EREFEEMN 2 EHERORE E 2O LR ETHD 3
RIS, BETEIHC BRI A BRI H 5 DO TH

VRO LE S F O RO 2 $EEI T 7o fEIR A DOFE
TG LIHETH L. E10R LD, FEZZEIHE
RO, TRbLEHREORIIZLL50THS
ZENhh s, RENAHEY b o 7 EOIRENC X ) HEE Y
vt — VIEASEHAIII 2L L, ZAUTTROEE Wﬁ%@?
BOTH A, FEEO BRI RITT2EFL

T & JEm IR IROTOREE b b, MEDEIZL>T
Bk ZeJHFHEN T HE SN TS, EIHEBINAT
7327 ECIREIER EOEFREEGHRT 5 HFH L 2o T
BY, B EOLELMESELAFEL LTD

— & — TR R TR
— & — AT
—O- it
—O0— it
—e— [T

il

Xsin (f74H) 1

=1
il

TEMRAE (RN

HIRIALAE ()

BI0” BRIEDIAEO NI FEEEIRIEZTEE
Fig. 10 Effect of inter-blade phase angle on components
of aerodynamic work

A20



() #& &

005 o B
o WK

e i 1) o0 M0

-180 - 190 (I) 9b léO
TERBAAE (1)

(b) fx #8
180

90 +

Ao oL (%)
[

~90 r

-180

L L L
L4 O

-180 -90 0 90 180

FREBATE (%)

FNUR BEEREANEOH R OB IR TEE
Fig. 11  Effect of inter-blade phase angle on unsteady blade
surface pressure at shock feet

11 B 2B - - @Eﬁ%iawuziéﬁF
T ﬁ@%mamm@ ﬂ%rT uzkss, —o
DOIEEFHES OIRIEIZIZ T Lﬂﬁ’ﬁﬁ“@%ﬂkb“(b‘@, PRI
%%u%ﬁmﬁ%ﬁ$®ﬂ$’ﬂ@@f%%:&ﬁb#é.
ZAUTH U CRARI TS A IR R e i A 7R L T8 D,
Ln#mﬁmmw&$@n¢ FEL TV,

, 5510 KX ) EEHMOEER O RO B
?«T@ﬁﬁ%@ﬁﬁ%%u Efﬂ%ﬂ?é%éﬁ?

ZLTWAIENRHROND, —fRIZEHRIZEDTT V5T
(T2 OFITIE CHEDT A L CEHREEABIN S O T,
K77y THELLT7 Ty 73R L 57T v ¥ TiEh
W2 EDhrs,

5.2 ERHORE

D ZE B Cnolz e 31280 L) 12 LT hEHE
ARG/ YA C RSP/ %pﬂ’\%f O, FNEEZEEYE

WaL7z, SISm0 - T 1.30, 1.32, 1.34&7%
fh2E7: (Be6 ). Fﬁﬁﬁuﬁ{i 32 7FEIZ[EE L7,

FERAE LB R RNIRT. B/ 1.30 TldE 4@%(&?
BHLAFTH LD, FHH1.32 10% 5 & EpRAEHIC

440

0.2

= bR
2 ot “—
£
X W
o=y
% —-0.2 b
-
= -04r
ET\'
=
-0.6 . . .
1.28 1.30 1.32 1.34 1.36

BTy
B EHHOZEDEHEIIRIZTEE

Fig. 12 Aerodynamic stability change due to pressure ratio
hah, CIBERTEI1.32 0057 T v # I
ZEEFHLTWAE, LaLESS, B ESSIC ff
T1.34 L35 L ZEhHEERIdE <@%ﬂ?éﬁé%® (=
S>TWwh, ZOMHIIE13, 14 ROEE EOIEEsH17n
HiB & O HFESRIZ L VBT E S, FEHE1.30 Tk
EEERITIAT) L CB ) B mEM, By ez
7%, BRI EMTIIERRR IE L TB Y 20fR
3z, HRMOEEAEI TR ORES I B -
TWh, THDSEN132 12 ERT 2 &, EIIAAT)
PREIGE D&M T L, B3y £ — VIEOZE LI
wﬂ—bﬁwuk§<%ﬂﬁé.:@t%,ﬁﬁﬁ%@@
%&®E%Kﬁwfk§&ﬁﬁ$&$ﬁﬂiﬁé X5z
FEmEDSoT1.34 &b &, &% IFEIREE 72
0 2D 7= | ZEEI O &@m#&<&bi% o))

AU T T OB D AR BT 5 BiEF D
EBBDTHA.
6. # 5
6.1 £ & 8O

(1) ME=RICIFEEANIEEIE D — FFCASQ3 1
TR I L D EER OS5 BEE T 7~
BOTIT vy RFETYI2L—FTEL L) 20
720 ZRUCEY, WERGHERAN S 7T v & 2Tl
[ORhES BB T 7 DEEETDTEEE 72 o 72,

(2) FRIEIN/Z7 T v ¥ BEOREREHZE, £
eb ) I —5 & —HL, BEET 0TI
v ¥ OFEHE PR B ZEATREN
7z,

(3) FIFEERTEIZBWTIL, " HEDATR IBEFSE
Ba v T VAL L@ il B T T R 2 &
DEFHERE SN

~+—Ad\7f§‘fﬁ

FIEIREEILE 1007 Val 27 Na A



(a) £AkE:1.30

2007
b Al (%)
= e
/// ‘% 360
= oo\
= = =
jyge=——— = \\§ 270
S
- N 180
N
ol 90
0
-100 : h ; ‘
-12 - 0.6 0 0.6 12
x/I—-FE
2007
BEAT ()
100}
_
N
OF
. iR FE Ilﬁ it | i |
-1.2 -06 0 0.6 1.2
2/3—FE
2007
100}
. \_.—b——-.———:’:—_\\ ==
5 ——  —
———\
OF
-1
00
B3R B LE S ORI 2l (BLEREY AR = —32.75)

Fig. 13 Time-wise blade surface pressure distribution
(inter-blade phase angle —32.7 degrees)

MG e N ket 7 - S L B 2 b = 7 ) R AEAAMTIEOE

MRTTAEHR (X104)

ERITEALSH (X1074)

(a) Ak 1.30

4867
G BT
-4.86 . . , .
-12 -08 0 06 12
x/a— FE
(b) EAHL:1.32
4867
0
-4.86! ™ 6 - o "
x/3I—-FE
(o) EAHk:1.34
4.867
BN T

i
X
o0
=
12

~4.86 . .

-12 -06 0
x/I—FE
(7)) x BAiis o oHiEE
TR R TH
B R
F1aX E@E o2 NAES S (REEIRIAAAZE =32.75)

Fig. 14 Blade surface aerodynamic work distribution
(inter-blade phase angle —32.7 degrees)



(4) FHPIFERBEEE 7 7 o CRE L7227 T v #1135k
HIZE BT Ty & Tidn L, WEEOIRE)ERT 5
7T v THLI EHHBEL

(5) ABIER7 7> D75 v 5 12B1F HHEEEOFE
AN o 7
(a) BBEHRT 72 DT T FIE A H = X LILERE
WA NIRENIRIE 1 ?é%@f**ﬁhtlﬁé

;@M%Ti A8y = VRO 2
THEEFIIRE RBIL, oL ZOHEEH .o
i (&@Eﬁi@dﬁ R 3 E S5,

(b) BT THENT 5 & 32 ﬁkﬁfiz D
RIZR L B 0T, RIS X ZERIEFEEE
Lawy, COHEBTIIREIZL L7 T v 0354 L
TWrHbDEEZ LN,

6.2 SHEDIFRER

(1) REEZGCEEZME) 7 7 v ¥ OTFNIE,
R I $ho 72 Full 777 4 T— A +— 2 ARUC
O a— N3 205D 5.

(2) BER77 TR (a) RPMYRREHEOIER
2L, (b) 7= v FEEEERE L OFH, (c)
ek M OFEAT HMOFE, (d) FEHHD
TEEE DAE & DFLE & OZE A= KITI AR AR
B BT ESRENZ LS T A, Tl
FEIR b D728, ZRICTRIRD 7 T v § 12 K TT 55
FEAOMIIT AR
VETH 5.

Z £ X #

(1) F. Sisto : Unsteady Turbomachinery Aerody-
namics, Chapter I Introduction and Over-view
Unsteady Turbomachinery Aerodynamics, AGARD
(1987)

(2) M. B. Giles : A Numerical Methoa for the Calc-
ulation of Unsteady Flow in Turbomachinery

M.IT.GTL Report No.205 (1991.5)

AAN

ZRICIFEH I — FORIZEN

(3) P.L.Roe :Characteristic-Based Schemes for
the Euler Equations ARF Vol. 18 (1986)
pp. 337-365

(4) D.A.Johnson and L.S.King | A Mathematically
Simple Turbulence Closure Model for Attached and
Separated Turbulent Boundary Layers ATAA-
84-0175 (1984.1)

(5) D. A.Johnson and T.J. Coakley : Improvements
to a Nonequilibrium Algebraic Turbulence Model
ATAA Journal Vol. 28 No. 11 (1990. 11)
pp. 2 000-2 003

(6) F.M. White : Viscous Fluid Flow McGraw Hill
(1974)

(7) M. Drela and M. B. Giles : Viscous—inviscid
Analysis of Transonic and Low Reynolds Number
Airfoils AIAA Journal Vol. 25 No. 19 (1987.
10)  pp.1347-1355

(8) G.B.Schubaure and P.S.Klebanoff . Contributi-
ons on the Mechanics of Boundary-layer Transition
NACA Rep. 1289 (1956)

(9) M.B.Giles : Non—Reflecting Boundary Conditi-
ons for the Euler Equations M.I.T. CFDL-TR-
88-1 (1988.2)

(10) K. Isomura : A Numerical Investigation of a
Flutter in a Transonic Fan M.LT. Ph. D. Thesis
(1996. 6)

(11) A. Bolcs and T. H. Fransson : Aeroelasticity in
Turbomachines, Chapter 7 Communication du
Laboratoire de Thermique Appliquée et de Turbo-
machines Nr. 13, EPFL (1986)

(12) J. A. Ekaterrinaris and M.F. Platzer : Progress
in the Analysis of Blade Stall Flutter In 7th

ISUAAT, Elsevier (1994)

T HIEERFEELED 1007 VA1 27 NA A



ubcC 621.3.016.2 : 621.315 : 537.852.1 : 629.4.023.11

BB P~ HBE A T T

oM WA AN P OBRAHS L 5 =T Y AT AT
ol ko SNy BT AT AR i (1)
ok ik 3= VT Y 8 — BT AT L BE

Contactless Energy Transfer System for Cargo Vehicles
IDO Shinobu
NAKAYAMA Takayuki
ISHII Masayoshi

THI has developed a contactless energy transfer system to operate cargo vehicles by applying the electromagnetic
effect. The new system includes various advantages such as less maintenance and suitability for use in clean rooms and
hazardous areas. The system is mainly applicable to vehicles in physical distribution systems. Magnetic circuits have
been optimized by numerical analysis, and continuous energy transfer even at fluctuating load was established by a PLL
(phase locked loop) circuit. Characteristic tests showed stable energy transfer to a moving cargo vehicle (provided with
a 1.5kW motor) at a maximum transfer efficiency of 72%. The new system does not generate dust and particles and is
suitable for clean room use to maintain the clean environment.
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Development of Detection Device for Conveyor Roller Damage

IHARA Yoshihisa, NOGUCHI Naoya
MURAYAMA Shigeki, HOSHII Tsutomu

Conveyor roller damage has previously been detected by the human hearing in the noisy and dusty environments at
large coal~fired power plants. A roller damage detecting device has been developed to replace human inspection, which
can measure roller sound using a microphone with sharp unidirectional characteristics. At each measurement point along
the conveyor, the intensity of abnormal sound and frequency spectrum pattern characteristics are calculated and
combined to detect damaged rollers. The device was tested using a conveyor line in which damaged rollers were
installed. The results showed accurate detection of damaged rollers.
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Fig. 14  Application example to roller conveyor line
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Development of Coke-Bed Type Ash Melting System

BABA Fumio, HIRATA Katsuhiko
FUKADA Yoshinobu, MIWA Keiichi

IHI has conducted verification tests on the treatment of fly ash and ash derived from urban waste using a coke—bed
type ash melting furnace which is widely used for sewage sludge melting. Tests were aimed at volumetric reduction,
reduction of pollutants, and effective recycling of materials. As a result, slag obtained from the ash melting process
satisfied the requirements of the soil environment standards and was confirmed to be effective for recycling. To reduce
the use of coke as a heat source, two types of solid fuels produced from general refuse and plastic waste were used for

tests and verified to be effective as substitutes for coke fuel.

F—T =K #EHTA, WKiERE, RDF, X727, Rk, REMREZN

1. &

il

HIHT Z ABEENIK - FIKOTERMLERICEE L TIE, EIH
BN AY, ZORLEINT AEA L ZoTnA. Ih
13, HR ZAE U AR GRIK) 2455 EB— kB i
h, FEESREOZEHEE L LTERZII Lo LT
BEEIHEAITY ZENEEOIT NI L, THEEH
MIRORES L L TR OBLOE WY 1 4% ¥ VERES
HOWRFE L LTORERPAEREICE S, —F, Bl
B ST B AT FRERIIKIIOVTIE, BREER
RS ORESE L WO BLE» S, BFE LTEAHTAZ &
PLFEL 2o TETWE, BIZAT 7OFFFRIZEA LT
12, HEEH I L & Lo o0 HER» S, “HAF
HOFFE” & LTSN TWS, 2O EHI, &
AUEAIT A A HIFREIRE C, “BEESBEOZEL” *°
“FAFFRYAAROR FLT AT T BFRRIROEE
AL AR L o TLERTT R G ER EFE R HRE
TH5.

IO BRHREOD LI, Bl LT EREAT DR
CHERENTE A BT 3 RO VE RS
(MERERES, ERERENR, 23— 7 Ay F) 20fF
LTWa, AR TIEEDOORREAOR NS, ERD

NS {, B0 IRV a— 7 ANy F
AR THT o 7SR S DV TR T 5. 71—
7 Ay FRIZSRIR LRI B CTREARTT R %
EHEOMI, FRLABHOHHD-BOFRE L %> T
BEET T AT o (VBT T LIES) R EOBHY, B
HIK - SRR & T & R0 5. A ROFEALER
I, REER OB EIALL 7% 32— 2 2D
IR TR OV TARERER AT, X5 7, ISRIIRE
S UHEH ANG-2 BB DWW THER T 72,

2. X i & B

2.1 BELEIE

T— 2 ARy FRIKERIFOBISE % 881 BIR L7
I PRI TR S NAEIRD 3 — 7 Ay FBASKIE T O
R LTWA, MBS, 1P EEL DIRAS I
— 7 ANy VI EECIRG, TTHRGICB RS, K
i — 7 ADIEFRFET L, FIHIAT 7 & LGl
PR A NG, 77, TS R A U
RN,

2.2 ERELEEfE

AT LOPES AR 70— 2 B2 RN L7, BRE
BHZPET AL, BUALTREES ~8 um LLEDOST A+ %

455



B A

F1H

Schematic construction of coke—bed melting furnace
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Fig. 2 Schematic flow diagram of demonstration plant
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Table 1 Elemental composition of sample
# K pispsiE | RDFC | RDF-P | o—2 %
4.7 76.9 91.8 92.2
29.3 79 2.2 34
F BB (B ) (keal / kg) 681 4850 6220 7360
C 7.7 48.0 60.8 90.7
H 0.9 6.6 6.7 0.32
TLFEALR(%) | N 0.03 1.31 0.98 1.05
cl 0.51 0.31 0.76 —
S 0.28 0.08 0.04 0.10
Ca0 25.2 8.63 0.51 0.26
JRHBL(%) | Si0, 43.6 3.67 1.52 417
ALOs 223 2.45 0.84 2.18
Na:0 3.7 0.43 0.32 0.09
K20 1.1 0.22 0.02 0.10
EEFEI(%)
PbO 0.23 0.00 0.00 —
Zn0 0.58 0.02 0.23 —
PCDDs+PCDF;
g TEQ/g)| 12 0.04 0.0063 —

(i£) RDFOFIK
RDF-C : ¢15X150
RDF-P : 30X L100
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Table 2 Test conditions

RUN No. WL S A
1 e A I
2 B o — % A +RDF-C
3 B 21— 4 2 +RDF-P
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Table 3 Operating conditions

H H RUN No. 1 2 3
HEHIFE I (kg /h) 649 649 571
EIREE (%) 35 35 39
—RZELHR D (/) 950 964 876
TRARHED( 2 ) 528 363 727
-7 A% AE (kg/h) 180 133 141
RDF-CHAw ( 7 ) — 60 —
RDF-P¥cA®m (7 ) — — 60
A G TLEG (%) 81 92 87
T Liiils 775 775 825
R | RSO 875 900 975
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Fig. 4 Partitioning of heat input (unit : %)
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Table 4 Exhaust gas components at outlet
of secondary combustion chamber

i OH RUN No. 1 9 3
0 (%) 52~62]40~52|36~44
CO (ppm)* 4~5 3~7 2~3
NOx ( 7 )* 53~63 | 69~76 | 47~52
HCl ( ~ )* 207 ~ 267 | 245 ~ 383 | 352 ~ 485
SO, (7 )* 7~38 |105~ 175|107 ~ 120
PCDDs+PCDFs(ng-TEQ / m3y) 0.035 0.12 0.14
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Table 5 Composition of slag

EH H RUN No. 1 2 3
Si0: (% ) 36.1 34.8 36.4
Ca0 ( ) 23.9 21.0 25.4
ALOs ( » ) 20.8 179 19.7
NaO ( » ) 3.44 3.46 2.91
KO ( » ) 1.47 1.02 1.20
PbO  (mg/kg) 30 50 50
n0 ( 7 ) 1100 2200 1700
WEEC - ) 0.7 0.6 0.7

(&) HIE RO Ca0 / Si0: DIET, B 2Eo
WA T EOFEEE L Tns,
Ca0 /S0, = 18l b ¥ <, 125
BENAERNE 2 5.

B6R AT/ OBEMHBER BRETET46T)
Table 6 Leachate tests of produced slag

H B RUN No. 1 2 3
Pb (mg/D) <0.01 <0.01 <0.01
Cd ( » ) <0.005 |<0.005 |<0.005
Crot( 7~ ) < 0.05 < 0.05 < 0.05
Hg ( ) < 0.0005 | < 0.0005 | < 0.0005
As (72 ) < 0.01 <0.01 <0.01
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Table 7 Composition of dust

E B RUN No. 1 9 3
Zn0 (%) 14.0 13.5 11.7
PbO (7) 0.723 0.765 2.14
Na,O(7) 5.69 5.87 541
K0 (7) 3.76 4.03 5.15
Si02 (7) 242 17.3 16.8
Ca0 (7) 7.16 4.28 8.66
Cl (») 8.56 10.4 10.7
S (7) 44 5.6 54
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Development of Simulator for Vertical Roller Pulverizers

NAKAMURA Motoya, KIGA Takashi
WATANABE Shinji, SHIROUMARU Isao

A simulator based on the vertical roller pulverizer has been developed to predict the fineness and dynamic response
of the outflow of pulverized coal. The new development is intended to improve the control system for pulverized coal-
fired boilers. Coal movement and pulverization and particle classification have been modeled numerically. Prediction by
the simulator agreed well with static and dynamic measurements. The simulator was found to be applicable to any type
of coal with different characteristics of HGI and moisture content as well as pulverizers with a different capacity. By
coupling with a prediction model for HGI and moisture content, the simulator could also assess an on-line monitoring on

pulverization status.
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Study of Pump-Barrel Structures in Large Above-Ground PCLNG Storage Tanks
—— Comparison of Vibration Characteristics between Flexible and Stiff Pump Barrels—

TANAKA Motoaki, TAZUKE Hideyuki
ISHIDA Kazuo, TAKANASHI Naoyuki

Vibration characteristics of flexible and stiff pump—barrel structures in above—ground storage tanks were compared.
Finite element method (FEM) analysis for the model with large degrees of freedom was conducted to determine the
natural frequencies of the pump-barrel structures considering the coupling oscillation of the pump barrel and the tank.
As a result, it was unnecessary to consider the oscillation modes of the pump barrel and the tank when the fundamental
natural frequency of flexible pump barrel was sufficiently lower than that of the tank. Consequently, the modeling of
only the flexible pump-barrel structure by FEM analysis is effective in that case and allows easier seismic designs of the

pump barrel.
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Table 1 Natural frequency of FEM tank model
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IS Panel Under Deck Panel Method
— Underside Reinforcement Method for Reinforced Concrete Slab of Steel Bridge —

ISHII Takao
SUGIZAKI Mamoru
IIDA Masao

The repair and maintenance of bridge or viaduct steel decks requires that the traffic on the bridge must be controlled
or stopped, even if the repair is partial, using conventional methods. IHI has developed the IS Panel Method, by which
damaged steel bridge deck made of steel-reinforced concrete can be repaired by attaching steel panels to the underside
of the deck. The IS panels are bound to the underside of the deck with a filler between the concrete and the panels. The
IS Panel Method has been applied to ten projects and was proved to be easy to use and provides a good reinforcing

effect.
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New Wet and Dry Cooling Tower for Plume Abatement

TOYOYAMA Masamichi
MIURA Toshio
GOTO Osamu

The new wet and dry cooling tower (NWD) has enabled plume abatement without requiring finned tube dry section,
based on a combined wet and dry type fill which consists of all wet and wet/dry passages. The NWD is almost the same
size as the wet type cooling tower, achieves highly efficient plume abatement but at lower cost compared with the wet
and dry cooling tower with the finned tube dry section. The heat transfer characteristics of the combined wet and dry
type fill were investigated by experiments to establish the design criteria for the NWD, and the results of the
experiments were confirmed by the prototype NWD. This paper describes the features of the NWD and the outline of the

experiments and prototype.
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Table 4 Example of calculation of plume dispersion
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